HIghlights
Role of Y in the oxidation resistance of CrAlYN coatings
2Al/1Cr/1Y) and power applied to the yttrium target were used for controlling the chemical composition of the deposited films. Table 1 summarizes the applied Y-power, chemical composition, thickness and mechanical properties for the samples under investigation. A nondoped CrAlN coating was also prepared using two Cr and two Al targets as reference. The sputtering conditions were set to 3000 W for the chromium and aluminum targets. The yttrium target was fixed at two different sputtering powers: 1500W (samples A and C) and 3000W (samples B and D). The sample holder was negatively biased in the range of 110-120 V and the temperature ranged from 200 to 400 °C due to plasma heating effect. Full details about the synthesis conditions can be found in Ref. [23] .
Chemical composition of the samples was obtained by electron probe microanalysis (EPMA) and glow discharge optical emission spectroscopy (GD-OES). The EPMA equipment was a JEOL JXA-8200 SuperProbe instrument equipped with four wavelengths detectors (WDS) and one energy-dispersive X-ray (EDX). GD-OES was used for obtaining the chemical depth profiling employing a Horiba Jobin Yvon RF instrument. This equipment was operated in argon plasma of 650 Pa and forward power of 40 W, with a 4 mm diameter copper anode. The wavelengths of the spectral lines used were 130.21 nm for oxygen, 149.26 nm for nitrogen, 371.99 nm for iron, 396.15 nm for aluminum, 425.23 nm for chromium and 371.03 nm for yttrium. The morphology and thickness of the coatings was investigated by preparing cross-section specimens and subsequent observation by scanning electron microscopy (SEM) in a high resolution FEG microscope, HITACHI-4800, equipped with an EDX detector (Bruker, XFlash4100), and transmission electron microscopy (TEM) in a Philips CM20 microscope operating at 200 kV. Cross-section views were obtained by cleaving silicon substrates, for SEM examination, and mechanical polishing followed by argon ion milling to electron transparency, in the case of TEM observation. The X-ray diffraction patterns were obtained in a Siemens D5000 diffractometer in the conventional  Bragg-Brentano configuration and grazing angle incidence at 1 and 5º using Cu K  radiation. The mechanical properties were measured with a Fischerscope H100 dynamic microprobe instrument using a conventional Vickers indenter at loads up to 10 mN. The maximum load was selected in such a way that the maximum indentation depth did not exceed 10-15% of the coating thickness in order to avoid the influence of the substrate.
The oxidation experiments of all the coatings were performed in a furnace up to 1000 ºC at a heating rate of 10 °C/min and with a holding time of 2 h. to about 12 at.% when doubling the number of Al targets respectively. The increment of the Y content from 2 to 4-5 at.% is achieved by doubling the power from 1500 to 3000W. The nitrogen content remains almost constant at ~ 55 at.% and oxygen and carbon contaminants were less than 1 at.%.
Results and discussion

Chemical and microstructural characterization
The SEM cross-section images of the CrAlYN coatings are depicted in Figure 1 . The CrAlYN-A and CrAlYN-B coatings present a typical columnar structure similar to that observed by the pure CrAlN in our previous publication [13] . The multilayer structure can be clearly seen in the inset images at higher magnification. The CrAlYN-C and CrAlYN-D coatings display a lesser columnar structure and a tile-mosaic can be observed in the insets, particularly at the highest Y power. All coatings present a multi-layered nanostructure as a consequence of the sequential exposure of the substrates to the different composition and disposition of the targets as we showed in our previous publication [23] . This point is commonly disregarded in many papers and results of primary importance as to determine the practical performance in industrial applications. By this reason, we further proceeded to investigate the results with coated steel specimens.
Oxidation resistance
Coatings deposited on silicon substrates
Coating deposited on M2 steels
In order to study the oxidation behavior of the coatings deposited onto M2 steel a XRD analysis in standard Bragg-Brentano configuration was carried out on the samples heated at 1000ºC for 2 h in air. This assembly of results is proving the direct influence of the type of substrate on the oxidation mechanism and products generated. Thus, the oxidation progresses to a major extent for highly corrodible substrate as M2 versus silicon (more passive element and even beneficial for thermal stability by alloying with the transition metal nitride). This conclusion is worth of consideration since many papers have reported oxidation resistance of CrAlNbased compounds showing outstanding performance even up to temperatures of 1400ºC but deposited on silicon pieces so the results cannot be extrapolated straightforwardly for functional applications on steel [14, 15] .
The incorporation of yttrium in CrAlYN-A and CrAlYN-B led to a significant improvement in comparison to the non-doped CrAlN sample. These three samples were then selected for a deeper study by measuring the XRD scans in -2º configuration and at grazing angles of 1 and 5º. Under these conditions it is possible to obtain information about the phase composition from the oxidation topmost layer and inner regions. [13] [14] [15] . The maximum intensity of the peak (111) of Cr 2 N is observed in the region closer to the steel substrate where the diffusion of elements from the substrate promotes the CrN decomposition. The formation of Cr 7 C 3 and Fe 2 O 3 is observed to decrease with the yttrium content whose peaks are less intense or absent. As a general comment, no aluminum oxides are detected by XRD in these set of coatings. These oxides are probably not detected due to the low Al content in these coatings being amorphous or mixed with Cr 2 O 3 since the quasibinary Al 2 O 3 -Cr 2 O 3 shows complete miscibility [3, 25] . Focusing on the XRDscan measured at 5º, which contains information from the top oxide layer and the inner film, and comparing the relative intensities of the oxide and c-CrN phases it can be concluded that a higher proportion of CrN is obtained in the CrAlYN-B film where the yttrium content was higher (close to 4 at.%). This is indicative of a better oxidation resistance of this coating when submitted to oxidation at 1000ºC during 2 hours. A different behavior has been reported recently by Qi et al. [3] where the best performance of CrAlYN coatings was obtained for Y contents below 1 at. %. Rovere et al. [14, 15] higher than the values presented here. In addition, the multi-layered structure with periodic alternating chemical composition supposes an additional parameter to be considered and therefore a different oxidation mechanism can be foreseen [26] .
With the aim of further studying the influence of the yttrium content and its role in the oxidation resistance, a depth profiling chemical analysis was carried out on the oxidized samples by GDOES. There is a correlation between the limited oxygen penetration, the blocking of Fe/C elements from the substrate and the presence of yttrium. Yttrium is reported to inhibit the cation diffusion along the grain boundaries [27] affecting the release of elements from the substrate.
Discussion
These results shed light on the role of yttrium as a reactive element in the protectiveness of these metallic nitrides coatings against oxidation. The observed effects are the retard of the CrN decomposition, the formation of a mixed Cr-Al oxide passivation layer, the controlled Iron atoms diffusing from the substrate are immediately oxidized at the film/substrate interface stopping their propagation to the surface. We are currently undergoing further studies to visualize the ion diffusion, phase formation and spatial distribution in order to fully understand the oxidation mechanism with the help of advanced analytical transmission electron microscopy on coatings deposited on steels. Other influencing parameters to be investigated are the increment in aluminum contents and the multilayer architecture vs. a nanocomposite whereas all the phases are distributed randomly. These studies will be the object of future publications.
Conclusions
The oxidation resistance of CrAlYN-based coatings prepared by magnetron sputtering with different nanostructure and metal distribution has been studied comparatively using different type of substrates (silicon and M2 steel). The addition of  4 at.% of yttrium was demonstrated to enhance the oxidation resistance up to 1000ºC for low aluminum contents (<10 at.%). Thus, the beneficial effect of aluminum as protective agent of CrN phases against oxygen reactivity is reinforced in the case of yttrium by reducing the corrosion products and modifying the oxide growth mechanism. The increased Al/Cr ratio in the surface passivation layer and controlled oxygen diffusion inwards affects positively the film oxidation resistance.
Mixed Al-Y oxides formed inside the coating appear to block the diffusion of elements from the substrate, preventing the CrAlYN decomposition and oxidation. 
